Previous studies have demonstrated that the serotonin transporter gene-linked polymorphic region (5-HTTLPR) affects the recognition of facial expressions and attention to them. However, the relationship between 5-HTTLPR and the perceptual detection of others' facial expressions, the process which takes place prior to emotional labeling (i.e., recognition), is not clear. To examine whether the perceptual detection of emotional facial expressions is influenced by the allelic variation (short/long) of 5-HTTLPR, happy and sad facial expressions were presented at weak and mid intensities (25% and 50%). Ninety-eight participants, genotyped for 5-HTTLPR, judged whether emotion in images of faces was present. Participants with short alleles showed higher sensitivity (d9) to happy than to sad expressions, while participants with long allele(s) showed no such positivity advantage. This effect of 5-HTTLPR was found at different facial expression intensities among males and females. The results suggest that at the perceptual stage, a short allele enhances the processing of positive facial expressions rather than that of negative facial expressions.
Introduction
Recent research has revealed that whether one prioritizes the processing of positive or negative information can be at least partially explained by our genetic composition. In particular, the allelic variation of the serotonin transporter gene-linked polymorphic region (5-HTTLPR) has been shown to affect emotional information processing among healthy individuals. The 5-HTTLPR has a low-functioning allelic variation (i.e., a short allele) and a high-functioning allelic variation (i.e., a long allele), and they exhibit hindered and enhanced transcriptional activity, respectively [1, 2] . More specifically, the 5-HTTLPR has short (S) and long (L) allelic variations, with a further variation of single nucleotide polymorphism, A or G, within the L-allele (La or Lg). The S allele has been shown to have lower transcriptional activity than the L allele [1] , and more recently, Lg has been shown to have lower transcriptional activity than La, functioning similarly to the S allele [2] . While S-versus L-allele corresponds to low-and high-functioning allele in some studies [3] , S-and Lg-allele versus La-allele corresponds to low-and high-functioning allele in others [4] . As studies have shown similar results regardless of which grouping method was used [5] , to be more comprehensive, we simply use the terms low-and high-functioning alleles regardless of the grouping method used in each study when referring to past studies or making general arguments.
The accumulating evidence has revealed that the low-functioning allele typically enhances the processing of negative information over positive information, while the high-functioning allele enhances the processing of positive information. For example, individuals with a low-functioning allele show an attentional bias towards the location of negative facial expressions, resulting in faster responses to neutral probe stimuli presented afterwards at that location, and/or reduced attention towards the location of positive facial expressions [4, 6] . In contrast, individuals with a high-functioning 5-HTTLPR allele show enhanced attentional allocation towards the location at which positive facial expressions are presented [4] .
An interesting question arises from these findings as to whether individuals with high-and low-functioning alleles differ in the way they perceive others' facial expressions. This is because facial expressions convey important social cues, and thus any bias in processing facial expressions should have a significant impact on daily social interactions. A recent seminal work examined this question as regards the recognition of facial expressions [7] . They measured the lowest intensity of facial expression at which participants could identify an expressed emotion, such as happy, sad, anger, and fear. Although their results were somewhat complicated, one of their main findings was that carriers of the low-functioning allele could generally recognize negative facial expressions at a lower intensity. A number of studies have examined the processing of facial expression using recognition tasks and have revealed various aspects of emotional information processing [8] . However, the facial expression recognition tasks used by Antypa et al. [7] and in many previous studies, involve two facial expression processing stages: perceptually detecting the facial expression and labeling it correctly with a certain emotion category [8, 9] . Therefore, we cannot assess whether the observed bias in facial expression recognition is due to a perceptual bias when detecting facial expressions or due to a response bias when labeling them to emotion categories.
The effects of 5-HTTLPR on the detection stage of facial expressions may be expected to differ from those observed in a previous study involving the labeling stage [7] because an act of labeling (i.e., explicitly linking the perceived emotional information with conceptual knowledge of emotion categories) has been consistently shown to regulate neuronal activity during the encoding of facial expressions [10] . Specifically, a task that consists of labeling facial expressions, compared with other types of tasks involving the encoding of facial expressions without labeling, has been shown to down-regulate amygdala activity towards facial expressions by enhancing the inhibitory control of the ventrolateral and medial prefrontal cortex [10] . As 5-HTTLPR has been shown to modulate the functional and anatomical coupling between the amygdala and prefrontal areas [11, 12] , it is not surprising that 5-HTTLPR affects the facial expression labeling performance [7] . However, given that the mere perceptual encoding of facial expressions without labeling recruits prefrontal control only to a lesser extent [10] , whether and how 5-HTTLPR would affect the detection of facial expressions without the involvement of labeling cannot be inferred from a previous study with a recognition task and thus requires direct examination. Decomposing the complex stages of facial expression processing and revealing the effects of 5-HTTLPR on a specific stage of facial expression processing (i.e., the detection stage) will contribute to our understanding of how 5-HTTLPR affects our emotional information processing.
In the present study, to eliminate the involvement of the response bias towards a specific emotion category in the labeling stage, we employed a detection paradigm for facial expressions in which participants were presented with facial expression images and required to judge the ''presence'' or ''absence'' of emotional expression in the face (i.e., the detection of facial expressions) irrespective of the emotion categories. We calculated the perceptual sensitivity (d9) to facial expressions, independent of the effect of the response bias towards the 'present' response using signal detection theory [13] . As previous studies undertaken with recognition tasks often report a higher recognition rate for happy facial expressions compared with other expressions [8, 14] , we aim to examine whether this positivity advantage would be observed even at the perceptual detection stage. More importantly, we aim to examine whether such a positivity advantage would be observed differently for carriers of low-functioning alleles (i.e., a short allele) and carriers of high-functioning allele(s) (i.e., a long allele).
Methods

Ethics Statement
The experiments were conducted in accordance with the ethical standards of the 1964 Declaration of Helsinki and approved by the Research Ethics Committee of NTT Communication Science Laboratories. The participants provided written informed consent prior to their inclusion in the study.
The participants were 98 healthy Japanese (48 males, mean age 27 years, range 20-35 years). They were naïve as to the purpose of the study and were paid for their participation. The participants were genotyped for 5-HTTLPR (see [15] for genotyping methodology). With Asian participants, one should consider that while the L-allele (i.e., high-functioning allele) is dominant among those of African and European descent, the S-allele (i.e., lowfunctioning allele) is dominant among East Asians [16] . Given this difference in allelic variation, previous studies with Asians e.g., [17] have often contrasted S/S carriers (65%) with the S/L and L/ L allele carriers (approximately 32% and 3%, respectively; cf. [18] ). Following these studies, we divided the 98 Japanese participants into S/S-carriers versus S/L-or L/L-carriers (Lcarriers). Although recent studies have considered a further variation of single nucleotide polymorphism A or G within the L-allele (La or Lg) due to lower transcriptional activity in Lg than La [2] , the very low frequency of the L-allele in Japanese populations does not allow us to examine the variation in single nucleotide polymorphism. However, the present study can still contribute to revealing the effect of the 5-HTTLPR, as previous studies without such subtypes have elucidated the effects of the 5-HTTLPR [5] . Moreover, a few recent studies have suggested that Asians differ from those of European descent as regards the effects of 5-HTTLPR on amygdala activity [17, 19] and vulnerability to mood disorders [20] . As most of the studies that have examined the effects of 5-HTTLPR on emotion information processing were conducted with participants all or most of whom were of European descent [3, 4, 7, 21] and only a few studies have yet been conducted with Asian populations [15, 17] the current study will provide further data regarding the effects of 5-HTTLPR on emotional functions in the Asian population.
Since a number of studies have shown that females are generally more sensitive to subtle facial expressions than males [22, 23] , we also consider the participants' gender. The four demographic groups arising from the combination of the 5-HTTLPR and gender were male S/S-carriers, female S/S-carriers, male Lcarriers, and female L-carriers. The depression level [24] measured prior to the experimental session did not differ across the groups. The size and mean depression level of each demographic group are listed in Table 1 . The groups did not differ in terms of mean age.
Facial images of four Japanese male and four Japanese female models expressing sad, happy, and neutral facial expressions were taken from a commercial database (ATR DB-99, http://www.atr-p. com/face-db.html). The models were trained to express the intended emotions with reference to the specific action units composing different facial expressions [25] , and the developer confirmed the abilities of the facial expressions to convey the intended emotions. The sad and happy facial images of each model were morphed from a neutral facial expression of the same model. We used facial images at low (25%) and mid (50%) intensities of the sad and happy facial expressions as well as the neutral facial images ( Figure 1 ). As a previous study showed that happy facial expressions are recognizable at a low intensity near 30% and that sad facial expressions are generally more difficult to recognize than happy facial expressions [8] , happy and sad facial expressions at 25% intensity would be relatively difficult to detect, while the facial expressions at 50% would be easy for most individuals to detect. The facial images were converted into gray scale images, and cut into oval shapes (3.3u64.3u in visual angle). The overall luminance of the images was matched. The experiment was controlled by MATLAB (Mathworks) on a PC (Apple, Powerbook G4) with the Psychophysics toolbox [26] . Each trial started with the presentation of a fixation cross at the center of a gray background. After a random period of 1 to 1.5 s, the fixation point disappeared and one of the facial images was presented for 200 ms. The participants were asked to make responses indicating whether the face expressed any emotion (''present'') or not (''absent'') irrespective of whether it expressed a sad or happy emotion. Responses were made by pressing a key. The participants' responses were followed by the next trial.
We presented two different types of emotion-present trials (i.e., happy and sad faces) with a set of emotion-absent trials (i.e., neutral faces) in the same single block, rather than in two separate blocks. This single block design was used to avoid creating a prior expectation as to which type of facial emotion (happy or sad) would be presented next, since such expectation could modulate the perception in a top-down manner [27] . The experimental session began with ten practice trials followed by a test block in which the 32 emotional faces (2 facial expressions 62 intensities68 models) were presented three times and the neutral faces from the eight models were presented six times to balance the numbers of sad, happy, and neutral facial expression trials, yielding 144 trials in total. The presentation order was randomized for each participant. A session lasted for approximately 10 min for each participant.
While the inclusion of two different signals (i.e., happy and sad faces) in a single block is effective in measuring perceptual sensitivity to facial expressions as discussed above, it has been shown that when multiple signals are presented in the same context, participants tend to adopt a single criterion (i.e., response bias) when making judgments (i.e., ''present/absent'' in the current case) rather than two separate criteria for two different signals [28] . Thus, in the current task, it is difficult to differentiate the participants' response bias towards the 'present' response between the happy and sad faces. Therefore, we will only focus on the sensitivity (d9) towards happy and sad faces and will not discuss the response biases.
The signal detection theory [29] was used to calculate sensitivity (d9), excluding the response bias. The d9 score was calculated for each participant and for each condition from the hit rate (i.e., the ratio of ''present'' responses to the emotional faces) and false alarm rate (i.e., the ratio of ''present'' responses to the neutral faces) as follows: d9 = W
21
(hit rate)2W
21 (false alarm rate), where W 21 (i.e., inverse phi) converts the probability scores into z-scores [13, 30] . Briefly, a higher hit rate and a lower false alarm rate would yield a larger d9 score (higher sensitivity to the emotional facial expressions).
Results
The proportion of ''present'' responses to the facial-expressionpresent trials (i.e., hit rate) and that to the facial-expression-absent trials (i.e., false alarm rate) for each condition are shown in Table 2 . To test whether the perceptual sensitivity to facial expressions, especially the superior sensitivity to the happy over sad (i.e., positivity advantage), was affected by 5-HTTLPR and Gender, the sensitivity scores (d9) were analyzed by a four-way analysis of variance (ANOVA) with two between-participants factors of 5-HTTLPR (S/S-vs. L-carriers) and Gender (male vs. female) and two within-participants factors of Facial expression (happy vs. sad) and Intensity (25% vs. 50%).
The sensitivity scores were higher for the high intensity (50%) than for the low intensity (25%) facial expressions, resulting in a significant main effect of Intensity [F ( Post-hoc comparisons (Bonferroni correction) revealed that S/S-carriers (i.e., low-functioning allele carriers) showed an enhanced positivity advantage (i.e., significantly higher sensitivity for the happy faces than for the sad faces) compared with Lcarriers (i.e., high-functioning allele carriers) both among males and females, but this group difference was observed with the facial emotions expressed at a higher intensity among males than females (see Figure 2) . With the male participants, the positivity advantage was significant only when the S/S-carriers detected a facial expression of 50% intensity (p,0.001). In contrast, with the female participants, both the S/S-and L-carriers showed a significant positivity advantage for 50% intensity, but only S/S-carriers showed a significant positivity advantage for a subtle facial expression of 25% intensity (p,0.001).
We also conducted an analysis to test whether 5-HTTLPR affects the false alarm rate. This is because neutral faces could be subjectively perceived as emotionally cold and have been shown to be associated with a negative valence rather than neutrality [31] . However, in the current study, the false alarm rate was unaffected by 5-HTTLPR (p = 0.39), Gender (p = 0.37), and their interaction (p = 0.92). This suggests that 5-HTTLPR does not modulate the perception of neutral faces.
Discussion
The present study examined whether the 5-HTTLPR affects the perceptual sensitivity to happy and sad facial expressions among healthy individuals. Previous studies have examined the influence of 5-HTTLPR on the recognition of facial expressions. However, a major limitation of recognition tasks is that they cannot differentiate between the detection of facial expressions and labeling them with an emotion category [8, 9] . The detection paradigm in the present study eliminated the contribution of the labeling stage and revealed the effect of 5-HTTLPR specifically on the detection of facial expressions.
The results revealed for the first time that the positivity advantage (i.e., positive facial expressions were identifiable at a lower intensity of facial expression than with negative facial expressions), which has been reported in facial expression recognition tasks in previous studies [8, 32] , can be observed even in the detection task (mean sensitivity score (d9) of 1.71 and 1.36 for the happy and sad facial expressions, respectively). This suggests that the positivity advantage of the perception of facial expressions could arise at the detection stage. It would be interesting to examine the differences and similarities of the positivity bias between tasks without emotional labeling (i.e., the current study) and tasks with labeling [32] in future studies.
The results also revealed that the positivity advantage indexed as the difference in d9 between the happy and sad facial expressions was generally larger in the S/S-carriers (i.e., lowfunctioning alleles carriers) of the 5-HTTLPR compared with the L-carriers (i.e., high-functioning allele(s) carriers) (compare the difference between the white and gray bars in Figure 2 ). This group difference was observed at the different intensities of facial expressions for males and females. Thus, we revealed the effects of 5-HTTLPR on the perceptual detection of facial expressions eliminating the contribution of the labeling stage involved in recognition tasks. It is important to note that there was no difference in false alarm rates between the genetic groups, suggesting that the 5-HTTLPR does not affect the extent to which one detects emotions in neutral faces (i.e., false alarm). This implies that the above-mentioned results for the positivity advantage cannot be explained by the altered perception of neutral faces.
The enhanced positivity advantage among S/S-carriers observed in the present study appears to be different from the finding that the recognition of negative facial expressions, rather than positive ones, is enhanced among those carrying the lowfunctioning allele of the 5-HTTLPR [7] . Recognition tasks involve not only the detection of facial expressions but also the labeling of facial expressions with emotion categories [8, 9] . Verbal labeling of the perceived facial expressions with conceptual knowledge of emotion categories has been repeatedly shown to down-regulate the amygdala activity towards facial expressions by recruiting the inhibitory control of the prefrontal areas [10] , suggesting that the verbal labeling of emotional information works as a means of emotion regulation [10] . Thus, the improved recognition of negative facial expressions among low-functioning allele carriers [7] could be due to the insufficient down-regulation of the amygdala activity towards negative facial expressions. This agrees with previous findings showing that low-functioning allele carriers exhibit reduced top-down regulation of the amygdala activity when processing negative facial expressions [3] . On the other hand, low-functioning alleles may enhance the processing of positive facial expressions at the perceptual detection stage where labeling is not required and thus down-regulation of the amygdala activity by the prefrontal areas would be less involved. As the mechanisms underlying the mere detection of facial expressions without labeling have not been directly tested, it would be worth examining such mechanisms as well as the neuronal mechanisms underlying the enhanced positivity advantage at the detection stage among low-functioning allele carriers.
It has been shown that when negative and neutral facial expressions are simultaneously presented, the carriers of the lowfunctioning allele show attentional bias towards the location of negative facial expressions [4, 6, 15] . In contrast, when facial expressions were presented along with other facial expressions but with less competing processing (i.e., free viewing with no time pressure or task demand to prioritize one facial expression over another), carriers of low-functioning alleles directed their gaze towards happy facial expressions for longer durations than towards negative facial expressions [33] . An explanation for these contrasting findings could be that the processing competition between negative facial expressions and other information recruits the regulatory control of prefrontal areas over amygdala activity [34] . The low-functioning allele carriers may show attentional bias towards negative facial expressions when competition between the processing of facial expressions and other information recruits the regulatory control of the amygdala, whereas they may show a bias towards positive facial expression processing in the absence of such competition. Future research should directly test whether the same neuronal mechanisms underlie the two sets of contrasting effects of 5-HTTLPR, i.e., those between the detection and categorization of facial expressions and those between the attentional allocation towards facial expressions with and without processing competition.
Another interesting explanation for the difference between the current finding and those of previous studies regarding whether low-functioning allele carriers show positive or negative bias in information processing would be that such a difference arises from the variance in the populations involved in the studies. Some recent studies have shown that the low-functioning alleles in Asian populations are linked with lower amygdala activity towards negative information [17] and in a resting state [19] as well as with a lower prevalence of mood disorders [20] . The results have often been linked with the high-functioning alleles rather than the lowfunctioning alleles in studies conducted with participants who were mostly or solely of European descent [21, 35] . It has been suggested that culture serves as a critical environmental factor that modulates the effects of 5-HTTLPR [20] , which could explain why low-functioning, rather than high-functioning allele carriers, showed more positivity advantage in detecting facial expressions in the current study with Japanese participants. However, our previous study with Japanese participants did find that lowfunctioning allele carriers are more likely than high-function allele carriers to experience interference from negative information (i.e., negativity bias) when presented with two competing pieces of emotional information [15] . This agrees more closely with studies of those of European descent where there is a stronger negativity bias among low-functioning allele carriers than high-functioning allele carriers. One interesting possibility to test in future studies is that the higher sensitivity to positive facial expressions found here may counteract such a negativity bias in inhibitory control [15] , resulting in higher resilience to mood disorders among Asian Sallele carriers [20] .
We found an interaction between 5-HTTLPR, Gender, Facial expression, and Intensity resulting from the fact that the effect of 5-HTTLPR on the positivity advantage was different between males and females depending on the intensity of the facial expressions. Among the female participants, both S/S-and L-carriers showed a significant positivity advantage for the 50% obvious facial expressions, but S/S-carriers only showed a significant positivity advantage for the 25% weak facial expression. On the other hand, among the male participants, neither S/S-nor L-carriers showed a positivity advantage for the 25% weak facial expressions, while S/ S-carriers only showed a positivity advantage for 50% obvious facial expressions. These results may be attributed to the gender difference in the baseline sensitivity to facial expressions: In previous studies, females have been shown to be generally more sensitive to subtle facial expressions than males [22] , although this trend did not reach significant level in our experiment, possibly due to the fact that we used only limited levels of facial expression intensities. We can speculate that, considering this generally found gender difference in sensitivity to facial expressions, any individual differences between S-and L-carriers in females could be less likely to be observed when obvious facial expressions are presented because most females can detect emotions in those facial expressions. In contrast, differences between S-and L-carriers among males may be less likely to be observed when subtle facial expressions are presented because most males would find it difficult to detect emotions in them.
In conclusion, the current study showed that the 5-HTTLPR and gender modulate the way healthy individuals detect others' facial expressions. Low-functioning allele carriers (i.e., S/Scarriers) showed a strong positivity advantage compared with high-functioning allele carriers (i.e., L-carriers). However, this effect of the 5-HTTLPR was observed at a higher intensity of facial expressions among males than females. As the perception of positive facial expressions appears to affect our social behavior, our interactions with others could be influenced by the currently found effect of 5-HTTLPR on the detection of facial expressions. Moreover, it has been suggested that the previously demonstrated prioritized processing of negative information among lowfunctioning allele carriers makes them vulnerable to mood disorders [6, 15] . The current finding that the low-functioning allele enhances the processing of positive facial expressions at the perceptual detection stage may provide insights into ways of alleviating such a negativity bias and preventing the development of mood disorders. Future research should examine whether training to rely more on the perceptual experience per se than on the conceptual interpretation (i.e., labeling) of others' facial expressions can help ease the negativity bias and vulnerability to mood disorders among carriers of the low functioning allele of 5-HTTLPR.
